In 1989 and 1990, a case-control study designed to identify risk factors for sporadic infections with thermotolerant Campylobacter bacteria was conducted in three counties in southeastern Norway. The investigation was confined to infections which were acquired in Norway. A total of 52 bacteriologically confirmed cases and 103 controls matched by age, sex, and geographic region were interviewed. The following risk factors were found to be independently associated with illness in conditional logistic regression analysis: consumption of sausages at a barbecue (odds ratio [OR] = 7.64; P = 0.005), daily contact with a dog (OR = 4.26; P = 0.024), and eating of poultry which was brought into the house raw (frozen or refrigerated) (OR = 3.20; P = 0.024). The risk associated with consumption of sausages at a barbecue could not be attributed to cross-contamination from poultry products. By univariate analysis, consumption of poultry which was bought raw and frozen was associated with illness (OR = 2.42; P = 0.042), even though freezing substantially reduces the number of viable campylobacters. When poultry consumption was examined by countIy of origin, eating of poultry produced in Denmark or Sweden was strongly associated with illness (OR = 13.66; P = 0.014), whereas consumption of poultry produced in Norway was not (OR = 1.33; P = 0.41).
Thermotolerant Campylobacter bacteria (Campylobacter jejuni and Campylobacter coli) have been the focus of growing attention during the past decade because of the increasing frequency with which they have been isolated from human patients, animals, foods, and water (1, 3, 6, 29) . The bacteria concerned are now recognized as one of the most important agents of enteritis in the world. In Norway, Campylobacter infections are the cause of considerable morbidity. Following the introduction of laboratory-based national Campylobacter surveillance in 1979, increasing numbers of cases were reported throughout the 1980s (12) . In 1988, the reported incidence rate reached 13.13/100,000 persons per year. At least 38% of the cases reported during the first 10 years of surveillance were acquired abroad.
In recent years, interest has been focused on the identification of risk factors and effective control measures. Although much work has been done to identify the environmental and animal reservoirs of Campylobacter in Norway (2, 7, 14, 15, (20) (21) (22) (23) , the most important risk factors remain to be determined. A variety of vehicles for Campylobacter spp. has been suggested on the basis of case-control studies conducted in Europe and North America (5, 9-11, 16, 18, 19, 24, 26, 27) . However, multivariate analysis of risk factors has only rarely been carried out (5, 26) .
In 1989, a case-control study designed to identify the risk factors for sporadic Campylobacter infections was launched in the Oslo region, the most urbanized and densly populated area in Norway. The investigation was confined to infections which were acquired in Norway. In this report, we present an analysis of the risk factors associated with Campylobacter infection. The clinical features of illness among study patients will be reported separately (13 (i) Poultry consumption. Case patients were significantly more likely than their controls to have eaten poultry of any kind (odds ratio [OR] = 2.69; P = 0.013). Eating of poultry which was precooked at the stage of retail sale or bought at a restaurant was not a statistically significant risk factor. In contrast, consumption of poultry which was brought into the house in a raw form was strongly associated with illness (OR = 2.99; P = 0.008). Among raw poultry items, frozen poultry was a significant risk factor (OR = 2.42; P = 0.042). Only seven cases and five controls had consumed poultry which was bought raw and refrigerated. This exposure was associated with an increased risk, but it did not reach statistical significance (OR = 2.90; P = 0.070). Among poultry products, significant differences between cases and controls were detected only for consumption of broiler chickens (OR = 1.96; P = 0.046). Fewer than five cases and controls had eaten hens, turkeys, marinated poultry, or minced poultry products. When poultry consumption was examined according to the country of origin, eating of poultry produced in Sweden or Denmark showed the highest OR of all variables investigated (OR = 13.66; P = 0.014), whereas eating of poultry produced in Norway was not statistically significantly associated with illness. More cases than controls had prepared raw poultry in the kitchen (OR = 9.55; P = 0.004). However, since almost everyone who had prepared raw poultry also ate it, we were unable to determine whether this factor was independently associated with illness. The number of cases and controls who consumed raw or undercooked poultry was small, and the effect did not reach statistical significance. However, there was a trend for persons with this exposure to have an increased risk for campylobacteriosis (OR = 6.00; P = 0.12).
(ii) Contact with animals. Contact with an animal was defined as handling or touching the animal or its excrements. Daily contact with a dog was strongly associated with illness (OR = 5.04; P = 0.002), whereas daily contact with a cat was only marginally so (OR = 2.41; P = 0.064). Any contact with a dog was also associated with illness (OR = 2.92; 95% confidence interval [CI] = 1.25 to 6.82; P = 0.014). Among children aged 0 to 5 years, daily contact with a dog showed an OR of 2.67 (CI = 0.58 to 13.32; P = 0.38) compared with an OR of 9.50 (CI = 1.98 to 45.6; P = 0.02) in the remaining age groups, indicating that young children were not at an increased risk. Among people with reported contacts with dogs or cats, there was no significant difference between cases and controls in the ownership of pets with diarrhea; only 1 of 31 cases and 3 of 43 controls reported such exposure. Feeding the pet raw meat scraps was not associated with illness. More cases than controls had been in contact with wild-living birds or with cows. However, no statistically significant differences were detected. Illness was not associated with contact with poultry, caged birds, pigs, sheep, or horses.
(iii) Eating at barbecues. More cases than controls had eaten meat of any kind at a barbecue (OR = 3.94; P < 0.001). Two types of meat were significantly associated with illness: grilled pork (OR = 3.32; P = 0.007) and grilled sausages (OR = 8.57; P = 0.002). There were no significant differences between cases and controls for consumption of grilled beef, grilled mutton or lamb, or grilled poultry. However, only two cases and no controls had eaten at a barbecue where poultry was served. Illness was not associated with eating of grilled meat which was raw, rare, or "red at the bone." Variables concerning the consumption of grilled meats were coded into the following three levels: none, one, and two or more meals where grilled meats were consumed.
(iv) Other risk factors. Although not statistically significant, drinking of undisinfected water was associated with a slightly increased risk for campylobacteriosis (OR = 1.75; P = 0.12). Nine of the 26 ill persons who had drunk raw water before illness had done so directly from a lake, pond, stream, or brook. This exposure was associated with an increased risk, but it did not reach statistical significance (OR = 2.13; CI = 0.78 to 5.84; P = 0.14). Likewise, a tendency toward increased risk of illness was detected for consumption of Multivariate analysis of risk factors. Conditional linear logistic regression analysis was performed to determine which variables were independently associated with illness. Risk factors were included in multivariate analysis if they (i) reached the 0.1 level of significance or less, (ii) were potential confounders, or (iii) were of theoretical interest regardless of their level of significance. Some variables which were statistically significant in the univariate analysis were not placed in the model since the number of persons exposed was too small to be modeled. No significant interactions among the variables included in the analysis were detected. The following variables were all found to be independent risk factors when placed simultaneously in the model: consumption of sausages at a barbecue (OR = 7.64; CI = 1.83 to 31.89; P = 0.005), daily contact with a dog (OR = 4.26; CI = 1.21 to 15.01; P = 0.024), and eating of poultry which was brought into the house in raw form (frozen or refrigerated) (OR = 3.20; CI = 1.17 to 8.76; P = 0.024).
DISCUSSION
Although several case-control studies of Campylobacter infection have been carried out (5, 9-11, 16, 18, 19, 24, 26, 27) , only a few studies have tested the relative importance of multiple risk factors identified in the univariate analysis. In VOL. 30, 1992 on October 13, 2017 by guest http://jcm.asm.org/ Downloaded from the present investigation, poultry consumption was found to be independently associated with campylobacteriosis. No previously published investigation has addressed the question of whether the risk associated with poultry products varies according to the country of origin. Although foreign poultry is not sold at retail outlets in Norway, some people buy poultry products on weekend trips to Denmark or Sweden. In our study, the risk from eating of poultry was largely accounted for by consumption of poultry produced in Denmark or Sweden, while eating of poultry produced in Norway was not significantly associated with illness. This finding is supported by a recent study which found a comparatively low prevalence of campylobacters in Norwegian broiler chicken flocks (15) . Transport at high ambient temperature cannot account for the risk of infection associated with poultry purchased in Denmark or Sweden, because, unlike salmonellae, campylobacters tend to die out rather than multiply at room temperature (6, 29) .
In contrast to many other countries, the majority of the poultry products sold at retail outlets in Norway are frozen. It was somewhat surprising to find a significant association between illness and consumption of poultry which was bought frozen in raw form, since frozen storage has been shown to reduce substantially the number of viable campylobacters (1, 28, 29) . We are not aware of any published epidemiological investigation which has identified frozen poultry as a risk factor for campylobacteriosis. On the other hand, laboratory studies have suggested that low numbers of campylobacters may survive for several weeks during frozen storage (8, 30) . Our results support the suggestion that the presence of even a small number of campylobacters in food may be epidemiologically significant because of the low infective dose of these organisms (1, 29) .
We found an association of illness with the preparation of raw poultry in the kitchen, which is in accordance with previous reports (11, 18) . However, we were unable to determine whether this factor was independently associated with illness. Although we could not demonstrate any significant difference between cases and controls with regard to kitchen hygiene parameters, it is likely that the risk of eating poultry was, at least partly, due to errors in food handling that led to contamination of cooked poultry or to crosscontamination of other foods. In a case-control study conducted in Seattle, Wash. (27) , persons with Campylobacter infections were less thorough than were controls in their cleaning of cutting surfaces and used separate cutting surfaces less often for prepared foods and raw meats.
Our results indicate that living in a household with a dog may significantly increase the risk of Campylobacter infection. Contact with cats or dogs has been identified as a risk factor in a previous case control-study and in several case reports (1, 5, 10, 24 (17) . Accordingly, pork consumption was not identified as a risk factor in the present study. Likewise, there was no significant association with overall consumption of sausages, a group of products containing minced pork, beef, milk, potato flour, water, salt, and seasoning. Interestingly, eating of sausages at a barbecue was strongly associated with illness. In The Netherlands, eating of chicken at a barbecue was determined to be a risk factor (19) . However, cross-contamination from poultry could not explain our results, since few people ate poultry at barbecues. Further investigations are needed to examine the presence of campylobacters in sausages and to ascertain whether our observations can be explained by suboptimal hygiene practices, insufficient heat treatment, or non-pork additives in sausages. Indeed, campylobacters have frequently been recovered from minced pork in Sweden (30) . Although virtually all sausages are heated to at least 70°C before retail sale, it is conceivable that the high fat content of these products may increase the thermal resistance of campylobacters, analogous to the situation with Salmonella spp. in chocolate (4) . Untreated water has been incriminated as the source of infection in sporadic cases as well as in large outbreaks of Campylobacter infections (1, 10, 26) . In our study, consumption of undisinfected water was associated with a slightly increased risk, but it did not reach statistical significance; the OR in the multivariate analysis was 2.42 (CI = 0.94 to 6.23; P = 0.068). However, since cases and controls were matched by geographic region, we may have underestimated the importance of water as a risk factor. It is likely that people living in the same area will tend to have the same or similar drinking water supply. Recent studies have shown that surface water sources in southeastern Norway are frequently contaminated with campylobacters (2) .
At our present state of knowledge, the following measures are likely to have the greatest impact on the incidence of domestically acquired campylobacteriosis: (i) reinforcement of hygienic practices during contact with dogs, handling and preparation of poultry in the kitchen, and barbecues; (ii) restricted import of poultry products from foreign countries; and (iii) measures that maintain a low level of contamination with campylobacters in Norwegian poultry flocks.
